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Abstract: The Keitt mango tree has a low canopy that leads to an increase in sunburned fruits. Hence,
the fruit quality is markedly reduced due to the fruit being exposed to physiological disorders. The
sunburn injury problem is common due to high levels of solar radiation and the low number of
leaves, which minimizes the protection of small, newly formed fruits. Kaolin spray has emerged as a
promising approach for mango trees since it improves vegetative growth, yield, and fruit quality in
new lands. This search aimed to study the influence of spraying kaolin on Keitt mango trees grafted
on ‘Succary’ rootstock. The treatments were as follows: control, 2%, 4%, and 6% of kaolin. Our
results indicated that the applications of kaolin significantly improved leaf area, tree canopy volume,
photosynthesis pigments such as chlorophyll-a and b, carotenoids of leaf and yield (kg/tree), and
the physical and chemical characteristics of Keitt mango cultivar in comparison with the control.
A higher concentration of kaolin decreased the leaf content of antioxidants such as total phenolic,
total flavonoid, CAT, POX, and PPO enzyme activities. Furthermore, the number of sunburned fruits
was significantly reduced after the application of kaolin in comparison to control fruits. Regarding
vegetative growth, our results indicated that adding kaolin at 6% enhanced the leaf surface area
and tree canopy volume compared to the control and other treatments. A similar trend was noticed
regarding yield and fruit quality, whereas the best values were obtained when kaolin was sprayed at
a concentration of 6%. In conclusion, the application of kaolin can improve the production and fruit
quality of Keitt mango trees by reducing the effects of adverse summer conditions.

Keywords: Mangifera indica L.; mango; kaolin; sunburn; fruit quality; yield increasing; vitamin C

1. Introduction

Mango (Mangifera indica L.) is widely grown in irrigated, semi-arid regions world-
wide [1]. Mango fruit is high in vitamins and minerals and is known for its delicious flavor,
appealing smell, and nutritious value [2]. The mango-planted area in Egypt is ranked
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second in the world for fruit crop acreage. Moreover, the Keitt mango has been success-
fully grown. Moreover, the mango growers in Egypt have claimed that the Keitt mango
productivity is one of the most important late-season varieties [3]. Keitt mangoes ripen in
Florida from September to October [4]. However, the Keitt mango cultivar growth habit
has fewer leaves compared to other mango cultivars, and Egypt’s climate has high solar
radiation. Fruits that have been subjected to specific physical and physiological problems
have lower quality and marketability [3].

Sunburn is a common occurrence on fruits due to high levels of solar radiation and
air temperatures, low relative humidity, and high elevations, as well as the low number of
leaves that protect small, freshly formed fruits [5]. The occurrence and severity of sunburn
are influenced by the environment, species, hormonal status, mineral nutrition, and soil
moisture [6]. Sunburn can reduce fruit yield by 6% to 30%, depending on the growing
season and the type of fruit tree [7–9]. Mango growers should practice proper management
practices to reduce sunburn and produce sun-tolerant varieties. Furthermore, they have
protected their mango trees from abiotic stress, pruning trees with suitable canopy volume,
cultivating cover cropping or intercropping, establishing over-tree sprinkler systems, net-
ting, fruit bagging, and adding suppressants (calcium carbonate or kaolin) and chemical
protectants [3,10].

For the protection of agricultural plants against abiotic stress, Kaolin has two modes
of action [11]. The first is a visible particle layer that reflects harmful U.V. and I.R. radiation
while lowering the plant’s temperature [9]. The second is a naturally occurring chemical
that activates all crop plants’ intrinsic stress response systems [12]. A noticeable whitish
film forms when kaolin is applied to plants [3]. A full, uniform, and constant covering
throughout the stress phase is required for optimal performance [13]. A screen pair may im-
prove plant vigor, total yield, and quality [12]. When the temperature outside is hot, kaolin
lowers the canopy temperature, decreasing heat, light, and water stress [14]. Fruit quality,
such as total soluble solids and fruit size, improves when stress is reduced [3]. Improved
color, decreased fruit drop, sunburn, and cracking are among the other advantages [12–14].
Kaolin reflects harmful rays and heat while allowing photosynthesis and the uptake of
nutrients and crop protection products [12]. Kaolin (clay) is a natural substance with
kaolinite (Al2Si2O5(OH)4) as its major ingredient. Kaolin foliar spray has been effectively
used on a variety of fruit tree species to reduce sunburn and improve yield as well as the
physical and chemical qualities of the fruit [15–17]. Because of their potential to affect the
microclimate of the plant canopy, kaolin-based particle films can minimize insect, heat,
and ultraviolet stress in horticultural crops [15]. Kaolin treatments significantly reduced
the temperature of apple fruits compared with the control [17]. Kerns and Wright [15]
reported that kaolin application on lemon trees lowered the temperature of the fruit surface,
reduced sun injuries, and improved yield and fruit quality. Ennab et al. [18] mentioned
that kaolin foliar spraying at concentrations of 3% and 4% decreased leaf heat and fruit
surface temperature and reduced the number of sunburned fruits of ‘Balady’ mandarin
trees. Baiea et al. [3] found that kaolin foliar spray at concentrations of 25.5 and 75 g/L
reduced fruit sunburn damage and improved the yield and fruit quality of Keitt mango
fruits. Hagagg and his co-workers [19] reported that spraying kaolin and calcium carbonate
at a concentration of 7% improved the vegetative growth parameters of the olive cultivar.
Mohsen and Ibrahim [20] reported that kaolin treatment reduced both fruit sunburn and
blotch of Murcott tangerine trees compared to untreated trees. Nowadays, many growers
are required to alleviate the adverse impacts of high solar radiation. Treatments of reflective
material are the most crucial technique. This application minimizes abiotic stress (heat,
light, and water deficit) in fruit trees by reflecting solar radiation from the canopy surface of
trees [21–24]. The main goal of this study was to elucidate new agronomic approaches, such
as kaolin (commercial kaolin clay) spray, which can improve the growth of the tree canopy,
yield, and fruit quality by reducing fruit sunburn damage under Egypt’s environmental
conditions and its effects on physiological and biochemical characteristics.
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2. Materials and Methods
2.1. Experimental Site

This study was carried out in the private orchard located at Wady Elmoullak, El-
Sharkia Governorate, Egypt (30◦26′16.8′′ N, 31◦46′37.92′′ E altitude 115 m). The average
monthly precipitation and temperature from 2020 to 2021 are presented in Figure 1.
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2.2. Experimental Design

This work was conducted from January 2020 to November 2021. Three replications
(9 trees for each kaolin concentration) were designed according to the randomized block
experimental design by forming four treatments comprising four different kaolin levels.
The trees were sprayed with the kaolin (0%, 2%, 4%, and 6%) three times (15 June, 15 July,
and 15 August) during the study. Moreover, the treatments were applied on the same days
in both seasons. The kaolin material, with 3 L of suspension sprayed per tree, uniformly
covered the leaves of the experimental trees. All sprayed solutions, including control
(0%), contained 0.1% of tween 20 as detergent to improve adhesion to the leaf surface.
The Keitt mango cultivar was planted in 2011 after grafting onto ‘Succary’ rootstock. The
trees were planted 2 × 3 m apart (700 trees/fed), and surface methods of drip irrigation
were used in the research farm with eight adjustable discharge emitters/trees (8 litter/h)
through 2 irrigation lines. The region’s climate is the Mediterranean, with an annual
average temperature of 21.3 ◦C and an annual rainfall of 26 mm. Before the beginning of
the first season (2020), a physical and chemical analysis of the orchard soil surface (40 cm
depth) was determined according to [25], as shown in Table 1 below. The soil of the studied
area is sandy with 94.53% sand (Table 1).

Table 1. Physical and chemical properties of the experimental farm soil.

Soil Physical Analysis
EC

(ds/m) pH

Soil Chemical Analysis

Sand
(%)

Silt
(%)

Clay
(%)

Soil
Texture

Cations (meq/L) Anions (meq/L)

Ca++ Mg++ Na+ K+ So4 Cl− HCo3 Co3

93.53 4.22 2.25 Sand 0.46 7.20 2.00 0.94 1.24 0.21 0.48 1.87 2.00 0.00

The Keitt mango trees also received the recommended fertilization program (130 N,
35 P2O5, and 90 K2O kg/feddan/year). The micronutrient was applied as a mixture of 300,
150, 100, 50 and 50 mg of the applied fertilizer from chelated Fe, Mn, Zn, Cu, and B as boric
acid, respectively, in March, May, and August.
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2.3. Field and Laboratory Determinations
Vegetative Growth

Tree canopy volume (m3). Tree size, known as a canopy volume, was calculated by
the formula of [26], as follows: 0.52 × tree height × (diameter2).

For the leaf area (cm2): A sample of ten mature leaves per tree was abscised at the
cessation of growth in December, then leaf area (cm2) was calculated according to the
equation of [27] as follows:

Leaf area = 0.70 (L ×W) – 1.06 = . . . . . . . . . cm2, where: L and W = maximum leaf
length and width, respectively.

2.4. Biochemical Characteristics of Leaf

Ten mature leaves/tree samples (the fifth distal leaf on the labeled shoot), according
to El Kheshin 2016 (No.), were collected in an ice box tank on the first week of September
and, thereafter, stored in the freezer until determining the following biochemical contents
in leaf:

2.4.1. Photosynthetic Pigments

Photosynthetic pigments, such as chlorophyll a, chlorophyll b, total chlorophyll and
total carotenoids, were extracted from fresh leaves of the Keitt mango cultivar by homog-
enizing fresh leaves (0.2 g) with 10 mL of acetone (80% v/v) followed by centrifuging
at 12,000× g for 10 min. A total of 3 mL of the liquid extract was used for analyses by
spectrophotometry according to Brito et al. [28], and the results were calculated according
to Wellburn, 1994 [29].

2.4.2. Antioxidant Enzyme Activity

For CAT, POX and PPO enzymes extraction from fresh leaves of Keitt mango cultivar,
fresh leaves (0.5 g) were homogenized in a mortar containing 5 mL of 0.1 M cold phosphate
buffer (pH 7.1) and centrifuged at 15,000× g for 20 min at 4 ◦C. The supernatant was
used for enzyme activity assay [29]. The enzyme activity of catalase (CAT) was measured
according to [30]. Peroxidase activity (POX) was assayed according to Esfandiari and
Sabaghnia [31]. Polyphenol oxidase (PPO) activity was measured according to Esfandiari
and Sabaghnia [32].

2.4.3. Total Phenolic and Total Flavonoid

The Folin–Ciocalteu colorimetric method was used to determine the total phenolic
content of Keitt mango tree leaves according to Singleton et al. [33] and expressed as
(mg/g) using gallic acid as a standard. The aluminum chloride (AlCl3) colorimetric meth-
od was used to determine the total flavonoid content in fresh leaves of Keitt mango cultivar
according to Chang et al. [34], using as Rutin a standard and expressed as mg/g.

2.5. Tree Yield

Harvesting was achieved during the regular commercial harvesting time on 1st
November in both seasons [3], and yield (Kg/tree) was recorded. The percentage was
calculated by using the Abd El–Naby [35] Equation.

Yield increasing (%) = Yield (treatment) − Yield (control) × 100/Yield (control).

For fruit sunburn percentage: At harvest time, sunburned fruits per tree were counted,
and percentage of sunburned fruits per tree was calculated by using the Mohsen and
Ibrahim [20] equation as follows:

Sunburned fruits % = No. of sunburned fruits/tree ÷ Total No. of fruits/tree × 100
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2.6. Physical Characteristics of Fruits

At harvest, fruits were collected in a bag and then transferred to the chemical analytical
laboratory of the department of horticulture, Faculty of Agriculture in Cairo, Al-Azhar
University. Samples of five fruits of each tree were replicated three times and devoted to
determining the following parameters: fruit volume (cm3), fruit length (cm), fruit height
(cm), fruit diameter (cm), peel weight (g), pulp weight (g) and seed weight (g).

2.7. Fruit Total Soluble Solids (TSS%) and Total Fruit Acidity Percentage

Fruit total soluble solids (TSS percentage) and total fruit acidity percentage fruit juice
TSS% were measured using a digital refractometer (force-Gouge ModelIGV-O.SA to FGV-
100A, Shimpo instruments). Total acidity was determined by titration and expressed as
citric acid according to AOAC [36].

Total soluble solids/acid ratio was calculated from the values of total soluble solids
divided by the values of total acids.

Ascorbic acid (vitamin C) expressed as (mg/100 mL juice) was estimated by titrating
the juice sample with 2,6 dichlorophenol indophenol dye according to AOAC [36].

2.8. Statistical Analysis

All data obtained during both seasons were obtained using one-way ANOVA accord-
ing to Snedecor [37] and CoStat software according to Stern [38].

3. Results and Discussion
3.1. Effect of Kaolin Spry on Vegetative Growth

Data in Figure 2A,B indicate that all kaolin treatments increased leaf area and tree
canopy volume compared with the control of the studied Keitt mango cultivar in both
seasons, particularly in 2020. Six percent of kaolin highly increased leaf area and tree
canopy volume compared to that treated with 4% or 2% of kaolin. Regarding the 6%
kaolin spray, leaf area was increased by 34.19% and 26.1% for the two studied seasons,
respectively. Moreover, tree canopy volume was increased by 11.49% and 11.57% for both
seasons. The kaolin application at 6% coincided with the cell expansion stage, which
continued longer than the lower concentrations (4% or 2%). The findings are consistent
with those of other researchers who discovered that spraying kaolin and kaolin clay at
concentrations ranging from 25.5 to 75 g/L after fruit set increased leaf area and tree
canopy volume [15,21,23,39–42]. The increase in vegetative growth parameters could be
attributed to the effect of the foliar spray of kaolin on the leaf area, and canopy volume
characteristics may be related to the direct impact of kaolin on tree resistance to abiotic stress,
including drought [19,43]. Furthermore, kaolin foliar spray has been shown to improve
CO2 assimilation at high temperatures [19,43]. Such gains can explain the enhancement of
plant growth and chlorophyll content that is associated with higher plant water content. It
was determined that spraying kaolin at concentrations of 2%, 4%, or 6% following the fruit
set phenological stage improved the vegetative growth parameters of the Keitt mango tree
when compared to the control.

3.2. Effect of Kaolin on the Photosynthetic Pigments Leaf of Keitt cv.

Changes in the content of photosynthetic pigments, including chlorophyll a and b, total
chlorophyll, carotenoids, and total pigments of Keitt mango trees during solar radiation
with different concentrations of kaolin spray are illustrated in Figure 3A–D and 4D. Keitt
mango leaves treated with foliar spray of different concentrations of kaolin caused a
significant increase in photosynthetic pigments under solar radiation compared to the
control. Maximum increases in chlorophyll a and b and carotenoids were obtained using 6%
kaolin with values of 1.036, 0.577, and 0.359 mg/g fresh weight, respectively. As shown
in Figure 3D, increasing the concentrations of kaolin from 0% to 6% led to an increase
in the values of total chlorophyll and total pigments in the leaves of Keitt mango under
solar radiation. High temperatures cause a decrease in the chlorophyll content through



Agronomy 2022, 12, 1535 6 of 16

their indirect effect of inhibiting the activity of the RuBisCO enzyme at temperatures
higher than 35 ◦C [44,45]. Spraying mango trees with kaolin led to intense light reflection
and a decrease in solar radiation stress on the leaves and a decrease in temperature of
more than one degree, which subsequently led to the enhancement of the photosynthesis
process and an increase in the content of leaf chlorophyll [46,47]. Dinis et al. [48] found
that the application of kaolin spray led to an increase in photochemical reflectance and
photosynthetic pigments in a grapevine plant. These results are consistent with Abdallah
et al., 2019, and Khavari et al., 2021 [49,50].
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3.3. Effect of Kaolin on the Antioxidant Activity of Leaf

Results in Figure 4A–C show the influence of the foliar application of different con-
centrations of kaolin on enzyme activities in the leaves of the Keitt mango cultivar under
solar radiation. The highest increase in enzyme activity was recorded in control plants,
whereas the lowest activity of the enzymes was when spraying the leaves at 6% kaolin.
CAT, POX, and PPO activities were decreased by 57.27%, 45.62%, and 55%, respectively,
when spraying mango leaves with 6% kaolin as compared to the control (Figure 4).

Under various stresses, such as drought and heat stress, especially during the summer,
the production of reactive oxygen species (ROS) increases, which causes the breakdown of
proteins and cell membranes, and reduces photosynthesis and plant growth [49]. Therefore,
plants have developed defense mechanisms to remove the harmful effects of ROS, including
enzymatic and non-enzymatic antioxidants [51].

Catalase and peroxidase convert H2O2 to oxygen and water, which are harmless
molecules for plants [52]. Under high temperatures, the activity of catalase, peroxidase,
and polyphenol oxidase enzymes increases to bring about a balance between ROS and
antioxidant enzymes [51,52]. This balance varies according to the type of stress, duration
of exposure to stress, plant species, and growth stage [53]. Our results showed that all
treatments with kaolin reduced the enzyme activities (Figure 4A–C). This indicates that
under kaolin treatments, mango trees are more stable and produce less reactive oxygen
species (ROS), which reduces the need to increase these enzymes. These results were in
harmony with the results obtained by [54].
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Figure 4. Effect of kaolin spray on: (A) leaf catalase activity (U/g Fr.Wt), (B) leaf peroxidase activity
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3.4. Effect of Kaolin on Total Phenolic and Total Flavonoid of Keitt cv. Leaf

Data showed that the total phenolic content in the leaves of Keitt mango trees signifi-
cantly increased by 3.86% with 2% kaolin sprayed compared to the control. Moreover, the
concentration of total phenolic decreased by 13.78% and 25% between the control and 4%
and 6% kaolin-sprayed leaves, respectively (Figure 5A). The total amount of flavonoids
in mango leaves was not significantly different between controls until 4% kaolin, but the
concentrations of total flavonoids significantly decreased by 35.7% when spraying mango
leaves with 6% kaolin (Figure 5B). The increase in antioxidants, such as total phenolics
and flavonoids under high temperatures is one of the defense mechanisms used by plants
against oxidative stress [55]. Under high temperatures (control), phenylalanine ammonia-
lyase activates [56], leading to an increase in total phenolic, while under normal conditions,
phenylalanine is used to synthesize proteins [57], and this explains the decrease in total
phenolic when spraying mango leaves with 4% and 6% kaolin (Figure 5). These results are
consistent with [48,58,59].
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(mg Rutin/g) of Keitt mango cultivar during the seasons 2020 and 2021. Bars indicate mean
values ± SE (n = 9). Different letters above columns indicate significant differences among pruning
treatments at p = 0.05 according to Bartlett’s test.

3.5. Effect of Kaolin on Yield (kg/Tree)

The results in Figure 6A,B clearly show that foliar spray of 2%, 4%, or 6% of kaolin
to Keitt mango trees significantly increased both fruit yield (kg/tree) and the percentage
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increase in yield/tree in comparison to those of the control in the two studied seasons.
Mango trees sprayed with 6% kaolin induced the maximum yield per tree, followed in
descending order by 4%, 2%, and finally by the last control of kaolin, which possessed
the lowest values. The present results are in agreement with that previously obtained by
Baiea et al. [3], who found that kaolin foliar spray at concentrations of 25.5 g and 75 g/L
reduced fruit sunburn damage and improved the yield and fruit quality of Keitt mango
fruits. Furthermore, Hagagg et al. [19] reported that spraying kaolin and calcium carbonate
at a concentration of 7% improved the yield per tree of Kalamata and Manzanillo olive
cultivars. Similarly, Mohsen and Ibrahim [20] found that kaolin treatment reduced both
the fruit’s sunburn and the blotching of Murcott tangerines in comparison to untreated
trees. The higher kaolin concentration (6%) significantly increased yield per tree more than
other treatments or the control. This was true in the two studied seasons compared with
the control. A clear trend for the effect of kaolin application on yield could be identified.
Consequently, higher kaolin concentrations significantly increased yield more than lower
concentrations or the control in two successive seasons. In 2020, kaolin-sprayed trees at a
concentration of 6% produced a higher raise (184%) in mango yield than other treatments or
the control. In the second season of the study, kaolin presented a similar trend (Figure 6C).
The present result is confirmed by the previous work by Brito et al. [58], who found that
kaolin treatment increased the yield of the olive cv.“Cobrançosa”. The increase caused by
kaolin in yield/tree could be attributed to the action of kaolin in reducing the tree canopy
temperature and abiotic stress [58]. In comparison to the control, reduced stress results in
enhanced fruit size and yield [3,60,61].
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Figure 6. Effect of kaolin spray on: (A) tree yield (Kg/tree), (B) tree yield (tons/feddan), (C) tree
yield increasing (%) and (D) No. of fruits per tree of Keitt mango cultivar during the seasons 2020
and 2021. Bars indicate mean values ± SE (n = 9). Different letters above columns indicate significant
differences among pruning treatments at p = 0.05 according to Bartlett’s test.



Agronomy 2022, 12, 1535 10 of 16

3.6. Effect of Kaolin on Fruit Physical Characteristics at Harvest

Figures 7 and 8 clearly show that kaolin spray applied on the foliage of the Keitt
mango cultivar in summer with concentrations of 2%, 4%, or 6% increased the number
of fruits, fruit weight, and fruit dimensions (diameter, height, length, and volume), as
well as pulp and seed weights (in grams) in comparison to that of the control in both
seasons. A higher concentration of kaolin spray at 6% resulted in more of an increase
in the number of fruits per tree and the fruit weight of Keitt and to a lesser extent than
other treatments or control. The rise in fruit numbers and weight could be attributed to
the role of kaolin in reducing abiotic stress. The present results are in agreement with that
previously obtained by Zaky [12], who found that kaolin foliar spray at concentrations of
3% or 6% increased the fruit weight and volume of ‘Balady’ mandarin trees. Furthermore,
Mohsen and Ibrahim [20] discussed that kaolin treatment at 4% increased both the number
of fruits per tree and the fruit weight of Murcott tangerines in comparison to untreated
trees. Similarly, Gullo et al. [23] found that kaolin spray increased fruit numbers per tree
and fruit volume of sweet oranges when compared with untreated trees. The reduction in
abiotic stress results in increased fruit weight and numbers when compared with untreated
trees [3,61]. We can conclude that foliar kaolin spray applied on June 15th, July 15th, and
August 15th of the mango cultivar increased fruit weight, fruit volume, pulp weight, and
seed weight when compared with those of the control. Six percent of kaolin spray induced
more of an increase in the physical parameters of fruits than the lower concentrations.
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3.7. Effect of Kaolin Spray on Sunburned Fruits% of Keitt Mango at Harvest

Data in Figure 9 clearly shows that kaolin applied to the foliage of the Keitt mango
cultivar in concentrations of 2%, 4%, or 6% decreased the percentage of sunburned fruit
compared to that of the control in both the 2020 and 2021 seasons. A higher concentration
of kaolin at 6% resulted in a greater decrease in the percentage of sunburned fruit of
the Keitt cultivar than 2% and 4% or the control (Figure 10). With respect to 6% kaolin
spray, sunburned fruit percentage was decreased by 77.6% and 76.3% for both seasons,
respectively. The current findings are consistent with those obtained previously by Mohsen
and Ibrahim, 2021 (21) and Lombardini et al., 2005 [20], who proposed that kaolin treatment
reduced both sunburned fruit and blotching of Murcott tangerine trees in comparison to
untreated trees. The decrease in sunburned fruit percentage could be attributed to the role
of kaolin in the protection of fruit trees against abiotic stress. The first is a visible particle
film that reflects harmful UV and IR light. The second is a naturally occurring compound
found in all fruit trees that triggers the innate stress response mechanism [12]. Moreover, the
increase in leaf area and canopy volume caused by kaolin and the subsequent stimulation
of photosynthesis intensity contributed to the decrease in the sunburned fruit (Figure 9).
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The present results are in full agreement with those previously obtained by [3,60,61], who
found that kaolin application decreased the percentage of sunburned fruits in fruit tree
cultivars.
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Figure 10. (A) Sunburned fruits disorder arrowed (control) and (B) Keitt mango tree fruits after
kaolin foliar spray in June.

3.8. Effect of Kaolin Spray on Fruit Chemical Characteristics at Harvest

According to the data in Figure 11A,C, the percentage of total soluble solids of mango
fruit juice at harvest, TSS/acid ratio, and vitamin C were significantly increased in all kaolin-
treated trees compared to the control in both seasons. Higher concentration (6%) induced a
greater increase in TSS% and TSS/acid ratio than 2%, 4%, or the control. These results agree
with Baiea et al. [3], who found that kaolin foliar spray at concentrations of 25.5 and 75 g/L
increased the TSS% of Keitt mango fruits in comparison to the control. The increase in the
TSS% of fruit at harvest might be due to the intensive photosynthesis in trees previously
treated with kaolin, which leads to an increase in manufactured carbohydrates for the
benefit of the fruit. It is remarkable that mango trees that were previously treated with
kaolin showed a significant increase in the number of fruits per tree more than the control
(Figure 6D), with a simultaneous increase in the TSS % of fruits at harvest.

Regarding the total acidity of fruit juice, results in Figure 11B show the opposite trend
of that TSS percentage in all kaolin treatments compared to the control in the two studied
seasons. The kaolin treatment resulted in a decrease in total fruit acidity compared with
that of the control (Figure 11B). The significant decrease in total fruit acidity as a result of
a previous application with kaolin could be due to the promotion that occurred in fruit
maturity, where the fruit ripened earlier than those that were untreated; however, the
fruits were all harvested on the same date. According to Baiea et al. [3], the fruit quality of
Keitt mangoes was improved after spraying the trees with kaolin at 25.5 or 75 g/L, as the
fruit TSS% and TSS/acid ratio were increased, while total fruit acidity was decreased in
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comparison to those of the control. Similarly, Gullo et al. [23] reported that spraying kaolin
at a concentration of 50 g/L improved the fruit quality parameters of the Navelina ISA
sweet orange cultivar.
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Figure 11. Effect of kaolin spray on: (A) TSS (%), (B) total acidity (%), (C) TSS/acid ratio and
(D) vitamin C (mg/100 mL of juice) of Keitt mango cultivar during the seasons 2020 and 2021. Bars
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among pruning treatments at p = 0.05 according to Bartlett’s test.

4. Conclusions

This work provided evidence that leaf area, canopy volume, photosynthesis pigments
such as chlorophyll a and b, carotenoids, yield, and fruit physical and chemical charac-
teristics of mango are affected by applied kaolin treatments during the summer months.
Kaolin led to an increase in mango yield and a decrease in leaf content of antioxidants
such as total phenolic, total flavonoid, CAT, POX, and PPO enzyme activity percentage
and sunburned fruits. A 6% concentration of kaolin spray induced more increases in the
mentioned parameters of fruits, such as yield and fruit quality as well as vegetative growth,
than the lower concentrations. The kaolin compound was effective in reducing the degree
of abiotic stress and in mitigating the adverse summer conditions typical of subtropical
mango growing areas.
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